Preliminary studies to evaluate the feasability of an approach to the synthesis of the phomactin diterpenes are outlined. The key step is the 2,3-Wittig rearrangement of the propargylic ether 32 which gives a mixture of the diastereoisomeric alcohols 33. Oxidation to the ketones 34 and 35 followed by conjugate addition of lithium dimethylcuprate and deprotection gives the unsaturated diketone 37 so providing a strategy for the synthesis of the cyclohexenyl core of the phomactins.
Introduction
The phomactins are a group of diterpenes some of which are of interest as platelet activating factor antagonists. 1 Representative structures include phomactins A 1, D 2, E 3 and Sch. 49028
4.
Because of their novel structures and biological activities, several groups have reported synthetic studies in this area 2 including a total synthesis of phomactin D 2 3 and, very recently, of phomactin A 1. several uncertainties needed to be clarified before the synthesis of the ether 7 was undertaken.
For example, what would be the regioselectivity of rearangement of unsymmetric bis-allyl ethers related to 7? Would the rearrangement of 7 be stereoselective? We here report the results of a study of 2,3-Wittig rearrangements undertaken to validate this approach to the phomactins. 
Results and Discussion
Ethers 8 and 10 have been shown to undergo 2,3-Wittig rearrangements to give alcohols 9 and 11 on treatment with lithium diisopropylamide 6 so providing a precedent for the proposed rearrangement, and related 3,3-Claisen rearrangements are known. 7, 8 However, Wittig rearrangements of unsymmetrical bis-allylic ethers tend to involve deprotonation of the less alkylated, presumably more acidic and accessible, allylic system, 9 and so initial studies were carried out to establish the regioselectivity of rearrangement of ethers analogous to 7. Scheme 2. Preliminary studies; Reagents and conditions: i, NaH, 1-bromo-3-methylbut-2-ene, THF (96%); ii, n-BuLi, THF, -78 to r.t , 1 h (26%); iii, NaH, Bu 3 SnCH 2 I (47%); iv, n-BuLi, THF, -78 o C, 2 h (60%); v, NaH, 1-bromobut-2-yne (90%); vi, n-BuLi, -78 o C, 8 h (75% together with unchanged 19, 19%).
On the basis of these preliminary studies it was decided to study further the 2,3-rearrangement of propargylic ethers. Specifically it was decided to prepare the protected ketoether 21 and to study its rearrangement, hopefully to the alcohol 22. Further chemistry to convert the alkyne group into the require trisubstituted alkene would then be studied to establish the suitability of these compounds for incorporation into a synthesis of phomactin analogues. The synthesis of the 2,3-rearrangement precursor 32 is outlined in Scheme 3. Michael addition of the keto-diester 23 to methyl vinyl ketone gave the adduct 24 which was cyclised using piperidine to complete the Dieckmann synthesis 14 of cyclohexenone 25. After protection of the ketone as ketal 26, reduction to the diol 27 was best effected using lithium triethylborohydride. It now was necessary to distinguish between the two primary hydroxyl groups. This was accomplished by esterification using benzoyl chloride which gave a mixture of the monoand bis-benzoates 28 (67%) and 29 (20%) the latter being reduced back to the diol 27 for recycling. Protection of the monobenzoate 28 as its tert-butyldimethylsilyl ether 30 followed by reductive removal of the benzoyl group gave the monoprotected diol 31 which was alkylated using 1-bromobut-2-yne to give the required ether 32. The 2,3-Wittig rearrangement of the propargyl ether 32 was carried out by treatment with nbutyllithium in tetrahydrofuran, and gave a mixture of diastereomeric products 33 (75%). This mixture wasn't separated, rather it was oxidised to give the two ketones 34 and 35, combined yield 82%, ratio 55: 45, respectively. The structures of these ketones were assigned on the basis of spectroscopic data including nOe difference experiments.
15
The formation of the ketones 34 and 35 confirms that the Wittig rearrangement of propargylic ethers can provide a route to intermediates which may be useful for the synthesis of phomactins since the regioselectivity is controlled in the required sense by use of the alkynyl ether. Although the rearrangement of ether 32 was not usefully stereoselective, it was thought that in the case of the more heavily functionalised cyclohexene 7, the facial selectivity of the rearrangement would be more significant. Moreover, the mixture of ketones 34 and 35 was reacted with lithium dimethylcuprate to give the dienyl ketone 36 which on treatment with pyridinium toluene p-sulfonate in acetone-water was converted into the 2-(3-methylbut-2-enoyl)cyclohex-2-enone 37. During this hydrolysis of the ketal, the exocyclic alkene had migrated inside the ring and so the ketone 37 was formed as a single (racemic) stereoisomer having lost both of the stereogenic centres introduced during the Wittig rearrangment.
Conclusions
This synthesis of the ketone 37 shows that the 2,3-Wittig rearrangement of cyclohexenylmethyl propargyl ethers is regioselective and provides access to intermediates which may be useful for a synthesis of the phomactins. The functionality around the cyclohexene ring in 37 parallels that present in the phomactins apart from the missing 12-methyl substituent, and the side-chain has the required C(1) carbonyl and trisubstituted 2,3-alkene. Present work is concerned with applying the chemistry reported in this paper to complete a synthesis of a phomactin.
Experimental Section
General Procedures. Low resolution mass spectra were recorded on a VG Trio 200 spectrometer and high resolution mass spectra were recorded on a Kratos Concept IS spectrometer. Infrared spectra were recorded as evaporated films on a Genesis FTIR or PerkinElmer 1710 FT spectrometers. 1 H NMR spectra were recorded on Varian Unity INOVA300 or Bruker AC300 (300MHz) spectrometers with residual non-deuterated solvent as the internal standard. Proton-decoupled 13 C NMR spectra were recorded on Bruker AC300 (75MHz) or
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Varian Unity 500 (125MHz) spectrometers with residual non-deuterated solvent as internal standard. Flash column chromatography was carried out using Merck silica gel 60H (40-60µ, 230-240 mesh). Thin layer chromatography (TLC) was performed using glass plates coated with Merck HF 254/366 silica gel. Analytical high pressure liquid chromatography (HPLC) was performed on a Waters 600A pump using a µBondapak cartridge, 8mm x 100mm with a Gilson 131 refractive index detector. Preparative HPLC was performed on a Gilson 712 pump control system running Gilson HPLC software, using an ODS Rainin Dynamex 60A column, 21.4mm x 250mm with a Gilson 131 refractive index detector.
Petrol refers to light petroleum ether which distills between 40 ˚C and 60 ˚C and was redistilled before use. Ether refers to diethyl ether. All reactions were performed under an atmosphere of dry nitrogen or argon with solvents and reagents purified and dried by standard techniques.
1-(3-Methylbut-2-enyloxymethyl)cyclohexene (13).
To a suspension of sodium hydride (360 mg of a 60% dispersion in mineral oil, 8.93 mmol), previously washed with hexane (3x5 cm 3 ), in tetrahydrofuran (9 cm 3 ) was added 1-cyclohexenylmethanol 12 7 (500 mg, 4.46 mmol) in tetrahydrofuran (1 cm 3 ). The reaction mixture was stirred for 1.5 h and then 1-bromo-3-methylbut-2-ene (1.00 g, 6.70 mmol) was added dropwise. The mixture was stirred for 1 h then satd. aq. ammonium chloride (2 cm 3 ) added. The aqueous layer was extracted with ether (2x5 cm 3 ). The combined organic extracts were washed with water (2x5 cm 3 ) and brine (5cm 3 0, 22.5, 22.6, 25.1, 25.8, 26.0, 66.1, 74.9, 121.4, 124.9, 135.2, 136.6; m/z (E.I.) 13. 8, 19.8, 28.4, 29.8, 38.0, 55.3, 61.5, 62.5, 160.1, 171.6, 191.2, 206.9; m/z (E.I.) 0, 21.2, 33.5, 34.1, 44.6, 61.3, 61.7, 132.5, 150.8, 165.6, 174.4, 198.5 9 , 29.6, 33.4, 43.8, 60.8, 60.9, 64.9, 65.0, 104.6, 136.1, 137.0, 165.8, 175.6 3, 30.0, 32.1, 39.4, 63.6, 64.5, 64.7, 69.7, 105.8, 128.5, 147.0 9, 32.3, 37.6, 64.5, 64.6, 64.7, 69.7, 105.3, 128.4, 128.4, 128.8, 129.7, 129.9, 130.0, 133.0, 141.1, 166.0, 166.4; m/z (E.I.) 1H, s, 7.48 (2H, t, J 7, 7.61 (1H, t, J 7, 8.08 (2H, d , J 7, 2xAr-H); δ C (75MHz, CDCl 3 ) 21. 6, 30.0, 32.0, 39.4, 64.2, 64.6, 69.3, 105.5, 128.2, 128.5, 129.7, 129.8, 133.2, 142.0, 166.3; m/z (E.I.) (6.45 g, 0. 020 mol) and imidazole (4.14 g, 0.061 mol) stirring in dichloromethane (100 cm 3 ), at 0˚C, tert-butyldimethylsilyl chloride (3.06 g, 0.020 mol) was added. The reaction mixture was stirred for 18 h then satd. aq. ammonium chloride (30 cm 3 ) was added. The aqueous layer was extracted with dichloromethane (3x25 cm 3 ). The combined organic extracts were washed with water (25 cm 3 ) and brine (25 cm 3 6, -5.5, 18.3, 21.8, 25.9, 30.0, 31.6, 39.2, 64.5, 64.5, 68.7, 105.7, 125.9, 128.4, 129.7, 130.2, 133.0, 143.2, 166 5, 18.3, 21.7, 25.8, 30.1, 32.4, 39.1, 63.7, 64.5, 64.6, 70.1, 105.8, 125.6, 147.6 6, -5.5, 3.6, 18.2, 21.6, 25.9, 30.1, 31.7, 39.0, 57.8, 64.5, 64.5, 68.6, 69.2, 75.2, 82.3, 105.9, 124.8, 144 (6.04 g, 0. 016 mol) in tetrahydrofuran (40 cm 3 ), at -78 ˚C, was added n-butyllithium (11.92 cm 3 of a 1.6M solution in hexane, 0.091 mol). The reaction mixture was stirred for 48 h at -78 ˚C then water (25 cm 3 ) was added. The aqueous layer was extracted with ether (2x25 cm 3 ). The combined organic extracts were washed with water (25 cm 3 ) and brine (25 cm 3 ), dried (MgSO 4 ) and concentrated under reduced pressure. Flash column chromatography, 3:1 petrol:ether, yielded the title compound 33 as a
